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Ser-His 与 CyPA 在 37℃保温 168 小时的过程中，发现 Ser-His
对 CyPA 具有切割活性。通过对切割产生的多肽碎片进行质谱序列
分析发现，切割位点主要在 CyPA 的残基 F7、A11、F67、G72、P105、
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Abstract 
It is well known that chemical modification of proteins or 
polypeptides to produce prodrugs and analogues is a useful approach to 
improve the bioavailability of proteins or polypeptides oral dosage. 
Further more, through chemical modification of polypeptides, it could 
assist for sequencing the peptides.  
In this thesis, the reactions of bovine insulin and small peptides, 
such as actin binding domain of thymosin β4 and Growth Hormone 
Releasing Factor (GRF1-29 amino acids) with diisopropyloxyphosphite 
(DIPPH) and dimethyloxyphosphite (DMPH) were studied by modified 
Todd reaction. The MALDI-TOF or ESI-MS results showed that lysine, 
histidine and arginine residues in insulin or peptides could be 
phosphorylated under the water/ethanol system. In addition, it was 
observed that between the free arginine and arginine residues in 
peptides there was some variation on the reactivity of guanidine group 
by phosphorylation. For the phosphorylated insulin, the 
tris[diisopropyloxyphosphoryl]insulin analogues were characterized 
using MALDI-TOF and 31P NMR. These insulin analogues with 
different number of phosphorylation were separated and identified 
through LC-ESI-MS. Through analysis of the lipophilic indexes for 
insulin and its phosphorylated derivations, it was found that 
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lipophilicity. Based on the different phenomenon in CD spectra, it is 
indicated that smaller hindrance of dimethyloxy phosphite could retain 
insulin secondary structure, but not the DIPPH. 
To compare the sensitivity of the phosphorylated insulin and 
nature insulin in ESI-MS, it was found that ESI-MS sensitivity 
enhancement by phosphorylation on polypeptides was gradually 
weakened as the lengths of peptide chains were increased. When the 
length of peptide chains consists of more than fifty amino acids such as 
insulin, the sensitivity enhancement was not so significant. 
When the method of phosphorylation was applied for sequencing 
peptides or proteins, it was found that there are some advantages by 
ESI-MS/MS. Firstly, the phosphorylation could distinguish the residue 
Lys from Gln, which have the same residue molecule weight 128 Da. 
Secondly, the bn type fragmentation was dominant for the 
phosphorylated peptides, which could provide some sequence 
information from the C-terminal.   
In this dissertation, it was found that L-seryl-L-histidine dipeptide 
(Ser-His dipeptide) could cleave the Cyclophilin A (CyPA) at 37℃ up 
to 168 h. As an initial step for CyPA cleavage, the non-covalent 
interaction between Ser-His and CyPA was first investigated by CD, 
NMR, ESI-MS, and Molecular Modeling. The binding sites of CyPA by 
Ser-His were mapped using 15N-1H HSQC spectra. It was discovered 
that even with the presence of excess Ser-His there were mainly two 
independent binding regions on the 3D-structure of CyPA. Region I 
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A101, N102, G104, K125 and H126. The NMR results demonstrated the 
two binding regions located at the loop region linking two β-strands, 
except for A101 that located at the end of β4, and, each region bound to 
one Ser-His molecule. 
By the Bio-Tool software in ESI-MS sequence analyzing the 
fragment peptides produced by the Ser-His cleavage on CyPA, it was 
indicated that the cutting points near F7, A11, F67, G72, P105 and I158, 
which located at the loop region linking the two β-strands in CyPA, 
except for F7, A11 and I158 which located in β1 and β8 in CyPA, 
respectively. Furthermore, the molecular modeling was applied to 
investigate the interaction mechanism. The key structural features 
showed that the α-amino group and the side-chain hydroxyl group in 
Ser-His are the crucial function groups for non-covalent interaction and 
the cleavage activity, while, the imidazole group acts as a catalytic 
function group. The cleavage mechanism of Ser-His is very similar to 
the serine protease. 
In conclusion, phosphorylation of peptides or protein might 
provide a new strategy for the oral delivery of peptides or proteins 
dosage. And the phosphoryl derivatization together with ESI-MS/MS 
will be a new methodology for sequencing peptides. Through 15N-1H 
HSQC titration experiment, the non-covalent interaction between 
Ser-His, the smallest organic protein cleavage reagent ever discovered, 
and substrate protein such as CyPA, were mapped. It was found that 
there were two molecules of Ser-His dipeptide bound region 













基于 ESI-MS 及 NMR 技术的蛋白质一级结构及其与小分子相互作用机理研究 
- 4 - 
cleavage mechanism of Ser-His dipeptide on proteins, which provided 
some clues on the evolution of enzyme.  
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符号 英文含义 中文含义 
AQ L-Alanyl-L-Glutamine 丙谷二肽 
APS Ammonium persulfate 过硫酸铵 
AZT Zidovudine 齐多夫定 
BSA Bovine Serum Albumin 小牛血清白蛋白 
Boc Tert-butyl carbonyl 叔丁氧羰基 
CAD Collision Activated Dissociation 碰撞激发解离 
CD Circular Dichroism 圆二色谱 
CE Capillary Electrophoresis 毛细管电泳 
CID Collision-induced dissociation 碰撞诱导解离 
CyPA Cyclophilin A 亲环素 A 
DCC N’N-carbonyldiimidazole 二环己基碳二亚胺 
DDI Didanosine 去羟肌苷 
d4T Stavudine 司他夫定 
DIPPH Diisopropyl phosphite 二异丙基亚磷酸酯 
DIPP- diisopropylphosphoryl 二异丙氧基磷酰基 
DMP- Dimethyphosphoryl 二甲氧基磷酰基 
DMPH Dimethyl phosphite 二甲基亚磷酸酯 
DTT dithiothreitol 二硫苏糖醇 
EPP Ethoxyphenylphosphinate 乙氧基苯基亚磷酸 
ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾电离质谱 
GFP Green fluorescent Protein 绿色荧光蛋白 
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HOBt 1- hydroxybenzotriazole 1 羟基-苯并-三氮
唑 
HPLC High Performance Liquid Chromatography 高效液相色谱 
HSQC Heteronuclear Single Quantum Correlation 异核单量子相关谱 




NMR Nuclear Magnetic Resonance 核磁共振 
PDB Protein Data Bank 蛋白数据库 
SDS Sodium Dodecyl Sulfonate 十二烷基磺酸钠 
TCEP （tris(2-carboxyethyl)phosphine 三[2-羧基乙基]膦 
TCPK Tosyl Phenylalanyl Chloromethyl Ketone 对甲苯磺酰基苯丙
氨酰氯甲烷 
TFA Trifluoroacetic Acid 三氟醋酸 
TEMED N,N,N,N -Tetramethyl-Ethylenediamine 四甲基乙二胺 
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